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, (54) Radio road vehicle communication system with enhanced system extendibility 



(57) '/Abroad vehicle communication system 

includes , - - frequency . ( converters <yi and / .a 
mujtipiexer/demultiplexer and can deal with updoing 
and down-going radio signals in a duplex 'way. Each 
local base station (30-1, ? 3.0-m) covering a 
•particular service.area. needs only a mjnjmum number of 
antennas (30c) without \ regard Jto .' trie number of 
information services available with the system. Even 
when the number .of information 'services to be handled 
by the system increases or decreases, the frequency 
converters and multiplexer/demultiplexer insure the 
provision of multimedia and other information services 
without any system modification and thereby enhance the 
general-purpose applicability of the system. Each 
mobile station needs only a single antenna because of 
the shared radio frequency band and multiplexing arid 
demultiplexing operations. A central base station (20) 
confines service-by-service frequencies in a single 



frequency band, so that ' the individual local base 
station (30-1 ? 30-mj can be scaled 'down. 
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Description ^ ! : . 

BACKGROUND OF THE INVENTION . 

"... ;iV ' • 

Field of the Invention 

s , ;t 

[0001] The present invention relates to a radio Road Vehicle Communication (RVC) system with enhanced system 
extendibility and more particularly to an ROF (Radio On Fiber) RVC system capable of providing a number of users with 
various kinds of mobile information services. The mobile information services include DSRC (Dedicated Short Range 
Communication) services for ITS (Intelligent Transport Systems) to which ETC (Electronic Toll Collection) , for 
example, is applied, satellite broadcast services using BSs (Broadcasting Satellites) and CSs (Communication 
10 Satellites), IMT (International Mobile Telecommunications)-2000 that is the next-generation mobile communication 
system, PDC (Personal Digital Cellular), and PHS (Personal Handyphone System). 

Description of the Background Art 

[0002] Major components of a conventional RVC system are base stations situated at roadsides and mobile 
15 stations identical in number with the base stations. The base stations and mobile stations each have an uplink 
function for sending a request for an information service and a downlink function for receiving the information service. 
[0003] The base stations include local trasit base stations for communicating with mobile stations by radio. 
Each local trasit base station performs electric-to-optical signal conversion and optical-to-electric signal 
conversion in order to prevent communication quality from falling. Transmission^ paths?on which light serves as an 
information carrier-are implemented by. optica I fiber cables. In this sense, the RVC system is^ called *an ROF RVC 
20 system. ' 

[0004] The ROF RVC system assigns a particular radio frequency to each information service and therefore 
assigns an antenna having a particular operation characteristic to each radio frequency. For example, when a mobile 
station is expected to receive N different information services, it is equipped with antennas corresponding in number 
to the information services. . 

[0005] The conventional ROF RVC system, however, lacks in extendibility because it sends radio data at a 
particular transmission rate for each information service. This is ascribable to, the- fact that communication between 
the mobile stations and the base stations uses different radio frequency bands each being assigned to a particular 
information service. Therefore, when the system is extended to increase the number of information services for 
providing multimedia information, trie development of a new mobile communication system and the addition of antennas 
are essential with the ROF RVC system/ . \;. '., 

30 [0006] PHS is another mobile* communication system capable of implementing radio communication in dead areas. 
A tunnel radio system, for example, belongs to a family of radio communication systems available for such a purpose. 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present invention to provide ah RVC system that is easily extendible and 
35 reduces the deterioration of communication quality as to a plurality of information services. 

[0008] An i^yC system of the present invention, includes, a roadside radio base station, and a plurality of mobile 
stations each being communicable with the roadside radio base station by radio. The mobile stations each send an 
information request via the roadside radio base station and receive information via the roadside radio base station. 
The roadside radio base station includes a plurality of local base stations each being communicable with the mobile 
stations within a particular area, a central base station communicable with the information and integrating 
40 communication with the local base stations, and optical fiber cables each being laid between the central base station 
and a particular local base station. The local base stations each include a downlink optical-to-radiowave signal 
converter for receiving a down-going optical signal, which is propagated through one of the optical' fiber cables and 
contain the information, and converting the optical signal to a down-going radio signal: Each local base station 
further includes a first transmit/receive antenna for sending the down-going radio signal or receiving an up-going 
radio signal sent from any one of the mobile stations and containing the information request. The local base station 
additionally includes an uplink optical modulator for modulating a light of a preselected wavelength in accordance 
with the up-going radio signal to thereby generate an up-going optical signal, the central base station includes 
uplink optical-to-radiowave signal converters for receiving the up-going optical signal propagated through the 
optical fiber cables and converting the optical signals to up-going radio signals. Downlink optical modulators each 
modulate a light of a preselected wavelength in accordance with one of down-going radio signals containing the 
information to thereby generate down-going optical signals. A demultiplexer demultiplexes a plurality of up-going 
radio signals received from the mobile stations on a frequency basis or a multiplexer multiplexes a plurality of down- 
going radio signals each lying in a particular frequency band and distributes the resulting multiplexed signal to the 
mobile stations. A frequency converter upconverts or downconverts the frequency of the up-going radio signal to a 
particular frequency or upconverts or downconverts the frequency of the down-going radio signal to a single 
preselected radio frequency band. A radio base station sends an up-going radio signal output from the frequency 
55 converter and lying in the single preselected radio frequency band or receives the down-going radio signal. 

RRIFF DESCRIPTION OF THE DRAWINGS 
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[0009] The objects and features of the present invention will become more apparent from the consideration of the 
following detailed description taken in conjunction with the accompanying drawings in which: ' ■'■ 

FIG. 1 is a block diagram schematically'showing-'ari ROF RVC system to which. an RVC system embodying the 
present invention is. applied; ' . 

FIG. 2 is a schematic block diagrarn showing a- specific configuration of a central base station included in the 
illustrative embodiment; ' '\' ^ - 

FIG. 3 is a schematic block diagram showing a specific configuration of a local base station also included in 
the illustrative* embodiment; ~ 

FIG": 4 is a schematic block diagram showing a specific configuration of a mobile station further included in the 
illustrative embodiment; . ' . 1 

FIG. 5 is a schematic block diagram showing a reference ROF RVC system for 

FIG. 6 is a schematic block diagram showing 5 a mobile communication base station included in the system of FIG. 5; 
FIG. 7 is a schematic block diagram showing a local transit base station also included inlhe system of FIG. 5; 1 
FIG. 8 is a schematic block diagram showing' a' mobjle station further included in the system of FIG. 5; and 
FIG. 9 is a schematic block diagram showing a specific ETC configuration to which the present invention is applied. 

":*.«. i ■ ■ -. 1 - Ok- 

DESCRIPTION OF THE PREFERRED EMBODIMENT * / " 

[0010] Referring to FIG. 1 of the drawings, an RVC system embodying the present invention is shown and 
implemented as an ROF RVC system. In FIG. 1, part of the ROF RVC system not relevant to the understanding of the 
present invention is not shown. Signals are designated by reference numerals attached to connection lines on which 
they appear. - ■ * 2 u 

[0011] As shown in FIG. 1, the ROF RVC system,* generally 10, includes a central base station' 20 for generating 
modulated radio waves, and mMocal base stations 30-1 through 30-m. The local base station 30-1 J is connected to 
the central base station 20 by two optical fiber cables 40-1 and 42-1 assigned to a down-going channel and an up- 
going channel, respectively: Likewise, the" other local base stations 30 : 2 through 30-m are' connected to the-ceritral 
base station 20 by optical fiber cables '40-2 arid 42-2 through 40-m and 42-m, respectively. The central base station 
20, optical fiber cables 40-1 through 40-m and 42-1 through 42-m and local base stations 30-1 through 30-m constitute 
a roadside radio base station in combination. " k 

[0012] FIG. 2 shows a specific configuration of the central base station 20. As shown, the central base station 
20 includes -radio base stations 200-1 through 200-n, frequency converters 202-1 through 202-n, 
multiplexer/demultiplexer 204, optical modulators 206-1 through 206^m, light sources 208-1 through 208-m, and optical 
receivers 210-1 through 210-m. The radio base station 200-1 receives a radio wave from an information server, not 
shown/ and transfers it to the frequency converter 202-1 as a down-going radio "signal 212-1. Also, the radio base 
station 200-1 receives from the frequency converter 202-1 a signal representative of an' information' service request 
and lying in the* radio frequency band "of an information service, and delivers it as an up-going radio signal 21 2-1. 
The other-radio base stations up to-212-n operate-in exactly the same manner as the radio base station 200-1 except 
that they transfer down-going radio signals up to 212-n to' the associated frequency converters up- to 202-n while 
sending up-going radio signals up to 212-n. The down^goirig radio signals 212-1 through 212-n each lie in a particular 
radio frequency band. ' ' 

[0013] The frequency converters 202-1 through 202-n convert the input radio signals 212-1 through 212-n, 
respectively, to signals lying in a single preselected radio frequency band. Specifically, the radio signals 212-1 
through 212-n have various frequencies each corresponding to a particular service, i.e!, include frequencies higher 
than the preselected radio frequency band and frequencies lower than the same. The frequency converters 202-1 
through 202-n each input the frequency higher than the preselected radio frequency band to a downconverter thereof, 
not shown, or input the frequency lower than the same to an upconverter thereof, not shown. As a result, all 
frequencies are confined in the above frequency band. The resulting signals 214-1 through 21 4-n are respectively fed 
from the frequency converters 202-1 through 202-n to the multiplexer/demultiplexer 204. 

[0014] On the other hand, the multiplexer/demultiplexer 204 delivers signals 214-1 through 214-n confined in the 
preselected frequency band to the frequency converters 202-1 through 202-n. The frequency converters 202-1 through 
202-n respectively input the signals 214-1 through 214-n to' the down-converters or the up-converters thereof, thereby 
outputting the previously mentioned radio signals 212-1 through 212-n each lying in a particular frequency band. The 
radio signals 212-1 through 212-n are fed to the radio base stations 200-1 through 200-n, respectively. 
[0015] The multiplexer/demultiplexer 204 adjusts the levels of the signals 214-1 through 214-n and then 
multiplexes the adjusted signals. More specifically, the multiplexer/demultiplexer 204 multiplexes, e.g., the 
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frequencies of the signals 214-1 through 214-n to thereby confine the signals in the preselected frequency band/ The 
resulting multiplexed signal 216 is sent to all of the m local base stations 30 in parallel in the form of down-going 
radio signals 216. ,., ■ , , , ; . : ,• . . ■.„•",■*. ■ 

[0016] Further, the multiplexer/demultiplexer 204 receives multiplexed signals 220-1 through 220-m via the 
optical, receivers 210-1 through 21 0-m, respectively. The- multiplexer/demultiplexer 204 demultiplexes the. signals 220- 
1 "through 220-m 'with band-limiting filters,' not shown, for thereby outputting n" signals 2 14-3" through 2~i4-n. The 
signals 214-1 through 214-n are respectively input to the frequency converters 202-1 through 202-n. It may occur that 
the m. local base stations 30-1 through 30-m, FIG.. 1., . receive , : n different., services. In light of this, the optical 
receivers 210-1 through 21 0-m of the multiplexer/demultiplexer 204 additionally have a diversity receiving function. 
[0017] The light sources 208-1 through 208-m are implemented by laser diodes by way of example. Because the 
local, base. stations 30-1 through 30-m, FIG. 1, each. cover a particular service area, laser beams to issuefrom the 
iight sources 208-1 through 208-m may have the same wavelength. Alternatively, the laser .beams may be different in 
wavelength from each other in order to insure the independence of the individual local base station. Laser beams 
•21 8-1 /through 21'8-m output from thejight sources ,208-1 through 208-m are input to the optical modulators 206-1 
through 206-m, respectively. 

[0018] The optical modulators 206-1 through 206-m have an electric-to-optical signal converting function. 
Specifically, the optical, modulators 206-1 through 206-m respectively . modulate the intensities of the input laser 
beams 218-1 through 218-m in accordance with the level of the identical multiplexed signals 216 output form the 
multiplexer/demultiplexer^ ,204.. The modulated Jaser beams, or optical signals,. are sent from the optical modulators 
206-1 through 206-m to the local base stations 30-1 through 30-m, respectively, via optical fiber cables 40-1 through 
40-m as, down-going signals. » ,t : .. . , ... . . v ; ^ : ■ - j - . ... ■ . 

[0019] The optical receivers 210-1 through 21 0-m each inclucJe, e.g., a photodiode having an optical-to-electric 
signal converting function., The. optical receivers 210-1 through, 2 10-m receive up-gqing .optical, signals, from the local 
base stations 30-1 through 30-m, respectively, via the optical fiber cables 42-1 through 42-m and transfer them to 
the. multiplexer/demultiplexer 204 as up-going radio signals 220-1 through 220-m.. 

[0020] Referring again to FIG. 1, the local base stations 30-1 through 30-m, which are identical in 

configuration, each include an optical receiver 30a, an amplifier 30b, an antenna 30c, a light source 30d, and an 
optical modulator 30e. The optical receiver 30a includes, e.g.,, a photodiode having an optical-to-electric signal 
converting function and receives the down-going optical signal via the optical fiber cable assigned thereto, e.g., 
the cable 40-1 . The optical receiver 30a delivers an electric signal to the amplifier 30b as a down-going radio signal. 32. 
[0021] The amplifier 30 b . controls the level of the input radio.signal 32. arid delivers the resulting signal to 
the antenna 30c as a. down-going radio signal 34. The signal 34 is sentyja the antenna 30c to a mobile station lying 
in a service area, not shown, in the form of a radio wave 36. The connection for providing a mobile station with 'an 
information service . from, the central base station 20 via the, local base station 30, as stated, above, is a downlink. 
The other connection. for sending, request information output from [ a ; mobile statipr^tq the central base station 20 'via 
the local base station 30 and; optical fiber cable isran uplink. . ' ..-'*.*< . ! j 

[0022] The antenna 30c is a ..multimpde antenna capable of receiving an up-going radio.signal from a mobile 
station 'Via the uplink. The received signal.is input to the amplifier 30b via the antenna 30c as an up-going radio 
signal -34.. . .. , . - . : , . ■ ; . : t , 

[0023] The amplifier 30b amplifies the input signal 34 to a preselected -level and delivers the resulting up- 
going signal 38 to the optical modulator 30e. The. optical modulator 30e modulates., the intensity of a laser beam 44 
issuing from the light. source 30d.in accordance with the radio signal 38. The modulated laser beam, or optical signal, 
output from the, optical modulator 30e .is sent to the optical: receiver 210-1 , FIG. 2, included, in the central base 
station 20 via the. optica I fiber cable 42-1. : , . „,;„,-. ,1 

[0024] ^.A. specific configuration of one of .the local base;statipns 30-t through 30-m (labeled 30 hereinafter) is 
shown in FIG. 3. As shown, the local base station 30 has m units. .Optical receivers .300-1 through;300-m respectively 
transfer,, down-going radio signals 310-1. through 3 10-m produced by photoelectric' conversion to amplifiers 302-1 
through_302-m. The amplifiers 302-1 through 302 T m respectively send amplified down-going radio signals 312-1 through 
3 12-m to mobile stations .via antennas 304-1 through-304-m. - ,; 

[0025] Up-going radio signals, not shown, sent from mobile stations lying in a service area, which is covered by 
the local base station 30, come in through the antennas 304-1 through 304-m. These radio signals are input to the 
amplifiers. 302-1 through 302-m as up-going radio signals 312-1 through 312-m. The amplifiers 302-1 through-302-m 
respectively control the input signals 312-1 through 312-m to a preselected level and deliver the resulting radio 
signals 314-1 through 314-m to the optical modulators 308-1 through 308-m, respectively. Light sources 306-1 through 
306-m emit laser beams 316^1 through 316-m, respectively. The optica! modulators 308-1 through 308-m respectively 
modulate the intensity of the laser beams 316-1 through 316-m in accordance with the signal levels or intensity of 
the radio signals 314-1 through 314-m. The modulated laser beams, or optical signals, output from the optical 
modulators 308-1 through 308-m are sent to the central base station 20 via the optical fiber cables 42-1 through 42-m, 
respectively. 

[0026] FIG. 4 shows a specific configuration of a mobile station 100. As shown, the mobile station 100 is 
generally made up of an antenna 102, an amplifier 104, a multiplexer/demultiplexer 106, frequency converters 108-1 
through 108-n, and radio mobile stations 110-1 through 110-n. . 
[0027] A down-going radio signal 112 sent via the downlink comes in through the antenna 102, which is a 
multimode, transmit/receiver antenna. The amplifier 104 amplifies the radio signal 112 to a preselected signal level 
and delivers the resulting down-going radio signal 114 to the multiplexer/demultiplexer 106. As for the uplink, the 
amplifier 104 amplifies an up-going radio signal 104 output from the multiplexer/demultiplexer 106 to a preselected 
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' signal level and feeds the amplified radio signal to the'antenna 102. ■ -\ ** • 

[0028] - The* multiplexer/demultiplexer ^106 includes a frequency demultiplexer,- not shown, implemented by a 
plurality of bandpass filters each 'being assigned to* a particular frequency' band. The frequency demultiplexer 
demultiplexes the 'down-going radio signal 114>on a frequency band basis to thereby output down-going radio' signals 
116-1 through 116-n each lying in a pa rticula> frequency band. The radio signals 1 16-1 through 116-n^are input to the 
frequency converters >-1 08-1 ' through 108-n,. respectively, As ^fbr the uplink, the multiplexer/demultiplexer 106 
multiplexes up-going radio signals 116-1 through 116-n output from the frequency converters 108-1 through 108-n. The 
resulting multiplexed signal, which lies in the preselected radio frequency band, is input to the amplifier 104. : - — • 
[0029] The frequency converters 108-1 through'108-n respectively upcdnvert or downconvert the. down-going radio 
signals 116-1 through 116-n on the downlink and ^thereby output signals 118-1 through 1 18-h each 1 lying in a particular 
original frequency band assigned* to an information service: The' signals '118-1 through 118-n a re^nput to the radio 
'- mobile stations 110-1 through 1 10-n/respectively.> As for the uplink,^the ; radio mobile stations 110-1 through 110-n 
respectively output up-going signals 118-1 through 118-n each lying in a particular frequency band and representative 
" of a particular information service request. The frequency converters 108-1 through 108-n convert the! up-going 
signals 118-1 through 118-n to signals 116-1 through '1 16-n lying in a single preselected frequency band. These 
• signals 116^1 through 116-n are input to the multiplexer/demultiplexer 106. * r '* ■* • • 

[0030]: The radio mobile stations 110-1 through 110-n each send a particular information service to the user of 
the mobile station 100. Also, the radio mobile stations ; 1-10-1 through 1-1 0-n each -send a particular information 
service request desired by the user. ^ ■ vv, ' f n ' ' tU , ^ .! •"■ ■ ^■i 

-[0031] As stated : above; the; RVC system 3 10 confines different radio frequency bands each being assigned to a 
particular information service in a single preselected frequency band. Both way communication using the single 
-frequency band facilitates the extension of the systenrvand re'ducesthe number of antennas necessary for each of the 
•local base station 30 and mobile 1 station 100 to a noticeable degree. ' : ) ' ■ " "- 

20 [0032] Reference will be 1 made to FIG. 5 for describing a-specific reference : ROF RVC system for companson. As 
shown, the reference ROF RVG system, generally 50, is'gerierally made up of a mobile communication base station 52, 
a local transit base station 54, and a mobile station 56. The mobile communication base station 52 and local trasit 
base station 54 interchange radio signals 58^1 through 58-n. -Likewise, the local trasit base station 54 and- mobile 
station 56 interchange- radio signals 60-1 through 60-n. In this' condition, the user of '-'the mobile station 56 is 
capable of receiving desired information services. . ' 

[0033] As shown in FIG. 6 specifically,' the mobile communication base station 52 includes n radio base stations 
520-1 through 520-n and n antennas 522-1 through 522-n 4 respectively assigned to the radio base' stations 520-1 
through 520-n. The radio base Stations 520-1 through : 520-n communicate with the local' trasit base station 54 via 
the respective antennas- 522-1 through 522-n 'in order to provide information services or to receive information 
'service requests or similar information. A particular frequency band is assigned to communication between each 1 radio 
base station and the local base station. -The radio base stations 520-1 through: 520-n are identical with the radio 
30 base stations 200-1 through 200nl' FIG. 2, and will-not bVdescribed specifically in order to avoid redundancy: : 

^[0034] 1 As shown in FIG. 7 specifically; the local trasit -base 0 station 54 has n units corresponding to the n radio 
'•' base stations '520-1 through 1 520-n of the mobile communication base station 52. The following description will 
concentrate on" one' of the units for the sake of simplicity. The one unit will be referred "to as the local trasit 
base station 54. ,. ■ - CAA 

{ [0035] The local trasit base station 54 includes antennas 540 and 550; amplifiers 542 and '552; light sources 544 
and 554, optical modulators 546 and 556, and optical receivers 548 arid 558V The optical modulator 546 and optical 
' receiver 548 ! are interconnected by an optica I -fiber cableT54d. Likewise, the* optical modulator- 556 and optical 
receiver 558 are interconnected by an optical fiber cable 54 u: The amplifiers 542 and 552, light sources 544 and 554 
and so forth are identical ' in construction and operation with i the ' corresponding : structural ' elements of the 
' illustrative embodiment. The antenna 540, amplifier 542, light source'54r optical modulator 546, optical receiver 548, 
40 amplifier 552 and antenna 550 are assigned to a downlink. The antenna 550, amplifier 552; light 'source 554, optical 
modulator 556, optical' receiver 558, amplifier 542 and antenna .540 are assigned to an uplink. 

[0036] The n units of the local trasit base r station 54 each communicate with the mobile station 56 via the 
respective antenna 550 by using a particular radio frequency band. The base station 54 therefore needs 2n antennas in 
total for communicating with both of the mobile communication base station 52 and mobile station 56. 
[0037] FIG. 8 shows a specific configuration of the mobile station 56. As shown, the mobile station 56 
45 includes n antennas 560-1 through 560-n and n mobile stations 562-1 through" 562-n. The 'mobile station 56 
communicates with the local trasit base station 54 by radio via the antennas 560-1 through 560-h. The mobile stations 
562-1 through 562-n send information service requests via the respective antennas 560-1 through 560-n or receive 
radio signals representative of information services via the antennas 560-1 through 560-n. 

[0038] In the above-described ROF RVC system 50 providing information services, the mobile communication base 
station 52 needs n antennas while the local trasit base station 54 needs 2n antennas. Further, the mobile station 56 
50 needs n antennas. The system 50 therefore needs 4n antennas in total. By contrast, in the illustrative embodiment, 
the local base station 30 needs only morn antennas while the mobile station 100 needs only a single antenna. The 
ROF RVC system 10 therefor needs totally (n + 1) antennas at most. In this manner, the illustrative embodiment is 
successful to reduce the number of antennas to a noticeable degree. Particularly, the mobile station 100 needing only 
a single antenna is desirable from the cost standpoint. Another problem with the conventional ROF RVC system 50 is 
that an increase or a decrease in the number of information services to be provided effects all of the mobile 
>5 communication base station 52, local trasit base station 54, and mo bile. station 56. 

[0039] Referring to FIG. 9, a specific ETC system to which the ROF RVC system 10 is applied will be descnbed 
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specifically. As shown, the ETC system includes networks 600, and 700:arranged around toll roads. The network 600 
provides DSRC services for an ITS system. The network 700 is. an exclusive, network .for the ETC system. The ROF 
RyQ, system. .10 is connected to, the networks 600 and 700 for providing users with; information services. •/ . 
[00.40] - ( M An information server 602 ■ is : , connected to the network 600, while ETC base stations 702 and 704 are 
j connecte<d : .tOithe, network, 700.' The ETC base^stations, 702 and 704. are situated at any of tollgates. on. toll roads, 
service areas, and parking areas. ROF RVC systems 1 0A and ,1 0B are connected,to the network , 700 via the ETC base 

. stations 702 and 704, respectively. .. . r ., { ■ : , . . 

[0041] i ; The.ROff, RVC systems 10A and 1 0B include. central base.stations.20A and 20B, respectively. Optical fiber 
cables. 40 and. 42 connect the .central base., station ^20A and, information service area stations-30-1 through '30-3 
included |n a. Ipral, base station 30A. Qther .optica I fiber .cables 40 and 42 connect the central base station' 20B and 
information .service area, stations 30-1 through 30^3 included in a local base station 30B., The centra I. base, stations 
20A .and 20B each receive radio waves from BSs and CSs with a satellite. antenna 44 so as to provide the mobile station 
100 with satellite broadcast services.. . {!i ; ... ... >, & ■ >. 

[0042] > .! Exemplary frequencies available .with the RVC system 10 are the frequencies of a tunnel radio system using 
PHS, e.g., 5.74, ; GHz, 5:76 ; <3Hz, 5.78 GHz, 5.80 GHz, 5.82 GHz, and 5.84 . GHz. The transmission output of such 
frequencies is 10 dB (10 mW). Characteristic parameters , include- a carrieo frequency interval of 20 . MHZ, a 
transmission/receipt frequency interval of. 60. MHZ, : a transmitter/receiver; capacity accommodating two systems', a 
transmission, capacity of -1:5 Mbit/s (megabits, per second) , ^.(Intermediate Frequency) of 130 MHZ for transmission 
and 70 MHZ for receipt, and an exclusive frequency band of 1 .0 MHZ. 

[0043] <, The central :base: stations -2^^ modulators although 

not shown jspecifically. The semce-dependerrt optical modulators; : each, modulate light in accordance with particular 
one of the dpwn-gojng radio signals 214-.1 through v 214-n, .FI.G.,2, fed from the frequency converters 202 ? 1 through 202- 
1 with a wavelength that differs from one service tp^another -service. The ^resulting optical signals are input to an 
optical wavelength multiplexer. arid multiplexed; ( thereby.; ,The multiplexed signal is. sent to the focal base stations, 30- 
1 through . 30-3, via the optical fiber cables. This, also allows each , local .base station to send information services to 
the..mobile.station f 10.0 l with a single antenna 3pp, F.IG. 1. lT \. 

[0044],. As stated above, in the illustrative .embodiment,; the. central base station, 20 transforms radio signals 
each lying in, a particular radio frequency band assigned to a. particular information service to radio signals lying 
in the same preselected radio frequency band. The radio signals lying in the same radio, frequency band are converted 
to optical signals and then sent to local base stations via optical fiber cables. The local base stations each 
reconvert the input optical signals to radio, signals to thereby send information , services to mobile stations via a 
multimpde antenna.;. A <multimode antenna is operable inboth of the frequency band of the above. radio signals and that 
of radio signals. received from mobile stations. Each. mobile station, therefore needs. only a single antenna. 
[0045] The illustrative. .embodiment, can therefore , surely . provide mobile < stations with multimedia and other 
information services even,, when . the. number of, information services, to be ; deal with by the system increases or 
decreases. jThis successfully enhances the general-purpose, applicab . 
[0046] , ' Moreover, because . the, central base,, station confines the, service- by-service frequencies in, a single 
frequency band, each local base station can be; scaled down. ^Particularly, the individual mobile station can receive 
multimode information- services with a single on-board antenna due to its configuration and the configuration of the 
base station. - ... 

[0047] f ilnjsummary, in accordance with. the present ..invention, an RVC system includes frequency converters "and a 
multiplexer/demultiplexer and can deal with up-gping and down-going radio, signals in a duplex, way. It. follows 4hat a 
local base .station .covering : a, single service;area needs, only a, T minimumr number of antennas without regard to, the 
number of information services available with the system. Even when theinumber of information services .to be handled 
by the system increases, or decreases,, the frequency conyerters and. multiplexer/demultiplexer insure <the provision of 
multimedia and other information services without any system, modification and -therebyTenhance the general-purpose 
applicability of the. system. - ; . :.-,:•-.■» , i ^ . , 

[0048] Moreover, each mobile station needs only a single antenna becausVof the shared radio frequency band and 
multiplexing and demultiplexing operations. Because a central base station confines service-by-service frequencies in 
a single frequency band, each local base station can be scaled down. Particularly, the individual mobile station can 
receive multimode information; services with a single on-board antenna due to its configuration and the configuration 
of the base station. , 

[0049] -The entire disclosure pf Japanese patent application No. 279677/1999 filed September 30, 1 999 including 
the specification, claims, accompanying drawings and abstract of the disclosure is incorporated herein by reference 
in its entirety. 

[0050] While the present invention has been described with reference to the illustrative embodiment, it is not 
to be restricted by the embodiment. It is to be appreciated that those skilled in the art can change or modify the 
embodiment without departing from the scope and spirit of the present invention. 

Claims 

1 . An RVC system CHARACTERIZED BY comprising: 
a roadside radio base station; and 

a plurality of mobile stations each being communicable with said roadside radio base station by radio for 
sending an information request via said roadside radio base station and receiving an information via said 
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roadside radio base station; 
said roadside radio base station comprising: 

a plurality of local base stations (30-1, ? 30-m) each being communicable with said plurality of mobile 
stations within a particular area; 

a central base station (20) communicable with the information and integrating communication with said 
plurality of local base stations (30-1 , ? 30-m); and 

optical fiber cables (40-1, ? 40-m, 42-1, ? 42-m) each being laid between said central base station 
(20) and a particular local base station (30-1 , ? 30-m); 

said plurality of local base stations each comprising: 

a downlink optical-to-radiowave signal converter (300-1, ? 300m) for receiving a down-going optical 
signal, which is propagated through one of said optical fiber cables (40-1, ? 40-m, 42-1, ? 42-m) and 
contains the information, and converting said optical signal to a down-going radio signal; 

a first transmit/receive antenna (304-1, ? 304-m) for sending the down-going radio signal or receiving an 
up-going radio signal sent from any one of said mobile stations and containing the information request; and 

an uplink optical modulator (308-1, ? 308-m) for modulating a light of a s preselected wavelength in 
20 accordance with the up-going radio signal to thereby generate an up-going optical signal; 

said central base station (20) comprising: 

an uplink optical-to-radiowave signal converter (210-1, ? 2i0-m) for receiving the up-going optical signal 
propagated through the optical fiber cable (40-1, ? 40-m, 42-1, ? 42-m) and converting said optical 
25 signal to an up-going radio signal; 

a downlink optical modulator (206-1, ? 206-m) for modulating a light of a preselected wavelength output 
from a downlink light source in accordance with a down-going radio signal containing the information 
provided by the information server to thereby generate a down-going optical signal; 

30 a first multiplexer (204) for multiplexing a plurality of down-going radio signals each lying in a 

particular frequency band and distributing a resulting multiplexed signal to said plurality of mobile stations; 

a first demultiplexer (204) for demultiplexing a plurality of up-going radio signals received from said 
plurality of mobile stations on a frequency basis; 

35 a first frequency converter (202-1, ? 202-n) for upconverting or downconverting a frequency of the up- 

going radio signal to a particular frequency or upconverting or downconverting a frequency of the down-going 
radio signal received to a single preselected radio frequency band; and 

a radio base station (200-1, ? 200-n) for sending an up-going radio signal output " from said first 
40 frequency converter (202-1, ? 202-n) and lying in the single preselected radio frequency band or 

receiving the down-going radio signal. 

2. A system in accordance with claim 1 , CHARACTERIZED IN THAT said plurality of mobile stations each comprise: 

45 a second transmit/receive antenna (102) for receiving the down-going radio signal from said "oca! base 

station (30-1, ? 30-m) and sending the up-going radio signal to said local base station (30-1, ? 30-m) 
in a single preselected radio frequency band; 

a second multiplexer (106) for multiplexing signals each being representative of a particular information 
request to thereby generate the up-going radio signal; 

a second demultiplexer (106) for demultiplexing the down-going radio signal on a frequency basis; and 

a plurality of service frequency converters (108-1, ? 108-n) each for upconverting or downconverting a 
signal having a particular frequency, which is contained in the down-going radio signal, to a signal whose 
radio frequency corresponds to a particular information service. 



50 
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3. A system in accordance with claim 1 , CHARACTERIZED IN THAT said central base station (20) further comprises: 

a plurality of service-dependent optical modulator each for modulating light having a particular wavelength, 
which is assigned to a particular kind of service, in accordance 'with the down-going signal output from said 
first frequency converter; and 

an optical wavelength multiplexer for multiplexing wavelengths of optical signals output from said plurality 
of service-dependent optical modulators; 

a wavelength-multiplexed optical signal output from said optical wavelength multiplexer being sent to said 
local base stations (30-1 , ? 30-m) via said optical fiber cables (40-1 , ? 40-m, 42-1 , ? 42-m). 



4. A system in accordance with claim 1, CHARACTERIZED IN THAT said first multiplexer (204) of said central base 
station (20) is capable of multiplexing signals different in a kind of service from the down-going radio signals 
output from said first frequency converters(202-1 , ? 202-n), and distributing a resulting multiplexed signal. 

5. A system in accordance with claim 1, CHARACTERIZED IN THAT said system is connected to an information 
server and a broadcast receipt and ETC system. 

6. A system in accordance with claim 2, CHARACTERIZED IN THAT said central base station (20) further comprises: 

a plurality of service-dependent optical modulator each for modulating light having a particular wavelength, 
which is assigned to a particular kind of service, in accordance with the down-going signal output from said 
first frequency converter; and 

an optical wavelength multiplexer for multiplexing wavelengths of optical signals output from said plurality 
of service-dependent optical modulators; 

a wavelength-multiplexed optical signal output from said optical wavelength multiplexer being sent to said 
local base stations (30-1 , ? 30-m) via said optical fiber cables (40-1 , ? 40-m, 42-1 , ? 42-m). 



. A system in accordance with claim 6,. CHARACTERIZED IN THAT said first multiplexer (204) of said central base 
station (20) is capable of multiplexing signals different in a kind of service from the down-going radio signals 
output from said first frequency converters (202-t ? 202-n), and distributing a resulting multiplexed signal. 

. A system in accordance with claim 7, CHARACTERIZED IN THAT said system is connected to an information 
server and a broadcast receipt and ETC system. 

. An RVC system CHARACTERIZED BY comprising: 

a roadside, radio base station; and 

a plurality of mobile stations each being communicable with said roadside radio base station by radio for 
sending an information request via said roadside radio base station and receiving the information via said 
roadside radio base station; 

said roadside radio base station comprising: 

a plurality of local base stations (30-1, ? 30-m) each being communicable with said plurality of mobile 
stations within a particular area; 

a central base station (20) communicable with the information and integrating communication with said 
plurality of local base stations (30-1 , ? 30-m); and 

optical fiber cables (40-1, ? 40-m, 42-1, ? 42-m) each being laid between said central base station 
(20) and a particular local base station (30-1 , ? 30-m); 

said plurality of local base stations (30-1 , ? 30-m) each comprising: 

a downlink optica l-to-radiowave signal converter (300-1, ? 300-m) for receiving a down-going optical 
signal, which is propagated through one of said optical fiber cables (40-1, 40-m, ? 42-1, ? 42-m) and 
contains the information, and converting said optical signal to a down-going radio signal; and 

a transmit/receive antenna (304-1 , ? 304-m) for sending the down-going radio signal; 
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said central base station (20) comprising: 

a downlink optical modulator (206-1, ? 206-m) for modulating a light of a preselected wavelength output 
from a -downlink light source in . accordance with a down-going radio signal containing the information to 
"thereby generate a down-going optical signal; 

a multiplexer (204) for multiplexing a plurality of frequencies as. the down-going radio signal to thereby 
distribute a resulting multiplexed radio signal to said plurality of mobile stations; 

a frequency converter (202-1, ? 202-n) for upconverting or downconveiling a frequency of the down-going 
radio signal received to a single preselected frequency band; and 

a radio base station (200-1, ? 200-n) for receiving the down-going radio signal. 

An RVC system CHARACTERIZED BY comprising: 

a roadside radio" base station; and * 

a plurality of mobile stations each being communicable with said roadside radio base station by radio for 
sending an information request via said roadside radio base station and receiving an information via said 
roadside radio base station; 

said roadside radio base station comprising: 

a plurality of local base stations (30-1, ? 30-m) each being communicable with said plurality of mobile 
stations within a particular area; 

a central base station (20) communicable with the information and integrating communication with said 
plurality of local base stations (30-1 , ? 30-m); and - 

optical fiber cables (40-1, ? 40-m, 42-1, ? 42-m) each being laid between said central base station 
(20) and a particular local base station (30-1 , ? 30-m); 

said plurality of local base stations (30-1 , ? 30-m) each comprising: 

a transmit/receive antenna (304-1, ? 304-m) for receiving an up-going radio signal sent from any one of 
said mobile stations and containing the information request; and 

an uplink optical modulator (308-1, *? 308-m) for modulating a light having a. preselected wavelength in 
accordance with the up-going radio signal to thereby generate an up-going optical signal; 

said central base station (20) comprising: 

an uplink optical-to-radiowave signal converter (210-1, ? 210-m) for receiving the up-going optical 
signal propagated through the optical fiber cable (40-1, ? 40-m, 42-1, ? 42-m) and converting said 
optical signal to an up-going radio signal; 

a demultiplexer (204) for demultiplexing a plurality of up-going radio signals received from said plurality 
of mobile stations oh a frequency basis; 

a frequency converter (202-1, ? 202-n) for upconverting or downconverting a frequency of the up-going 
radio signal to a particular; and 

a radio base station (200-1, ? 200-n) for sending an up-going radio signal output from said frequency 
converter. 
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Fig. 2 
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Fig. 3 
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Fig. 6 
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